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Abstract 
 The copper site Tighmart, study area is located about 27 km NNE of 
the city of Demnate in the Central High Atlas. On a stand dominated by 
Devonian shales and sandstones with limestone benches centimeter, rests a 
cover Triassic (sandstone, red clay with discontinuous basalt flows) and 
Jurassic (Lias carbonate bars, based on consistent training gypsiferous lower 
Lias). The set is structured faulted anticline and eroded. Electrical 
tomography has been used in order to characterize the structural elements 
that can promote the introduction of the copper, and the mineral density. This 
mineralization is concentrated locally in metric nodes, formed by the 
junction of the N70 ° faults and N40 °. This is very crushed zones decametric 
extension and where there is a large concentration of chalcocite associated 
with malachite and azurite rarely. In general, two areas have been identified 
on both sides of the old gallery: - The southern part crossed by the thalweg 
shows the dolerite attributed resistant levels through which the levels of 
oxides and hydroxides of iron and aluminum at depths of 8 to 13 m. This part 
of the sector does not really present significant reserves given that no 
continuity was confirmed. - The northern part of a very rugged topography 
presents no surface mineralization index. However, electrical tomography 
profiles in this sector show large anomalous beaches right pockets found in 
the gallery. The examination of the values of apparent resistivity advocates 
appearing mineralization from 23 m deep. 
 
Keywords: Copper, Tighmart, High Atlas, ore deposits 
European Scientific Journal March 2017 edition vol.13, No.9 ISSN: 1857 – 7881 (Print) e - ISSN 1857- 7431 
267 
Introduction 
 After former mining from the Middle Ages and the 16th century in 
the High Atlas, especially targeted to the iron, silver and copper, geological 
exploration begins in the 19th century. Several French expeditions, English 
and German discovered North Africa for Geological and Mining 
geographical research. The first subdivision in the Moroccan High Atlas 
mountain system, Middle Atlas and Anti-Atlas or Little Atlas (RITTER 1822 
in the Lowner 200 *) was performed. 
 During the 50s, 60s and 70s, research has referred stratigraphy, 
paleontology and paleogeography of the Atlas systems. For the Central High 
Atlas there mainly work on the Jurassic DUBAR (1962-1978), CHOUBERT 
& FAURE-MURET (1962) and DU DRESNAY (1963-1988). Later 
Septfontaine (1984) proposed a detailed biozonation Lower Lias, and 
average high Atlas by imperforate foraminifera .. Sedimentology "red coats" 
Triassic and Jurassic is evidenced by LORENZ (1976), and later in particular 
by MATTIS (1977) and MANSPEIZER (1976-1978), who dated the basalt 
flows by radiometry. 
 Despite a large amount of work on the geology of the High Atlas 
North side results remain fragmented and does not provide the expected solid 
evidence of metallogeny in the High Atlas. Except in the inventory index, 
typology, continuity, morphology, extension, texture and mineralogy are less 
well known. 
 The aim of the work on this area is limited to ensure the extension of 
the copper index. We undertook a geological, geophysical and metallogenic 
study in the copper site Tighmart to define the main structural elements and 
gitological governing the establishment of the mineralization and to estimate 
the reserves that could be exploited. 
 
Geographic Setting 
 The Tighmart copper deposit is located in the Central High Atlas, 27 
km as the crow flies from the NNE of the town of Demnate (topographic 
map at 1/50000 from Tifni) (Figure 1). Access to the cottage is via the 
asphalted road Demnate - Ouarzazate, at the Douar de Tighmat, a 4 km 
driveable trail to the left. 
 The Central High Atlas (MICHARD 1976) or High Atlas limestone 
(Mattauer 1977) limited by the cross-Marrakech Ouarzazate in the west, and 
the valley of the Oued Ziz east. Here, the bedrock is rarely visible, and there 
is little that outcrops of the Mesozoic cover, called "Atlas pleated coverage," 
including sediments form characteristic series. The Permo-Triassic red 
terrigenous deposits are topped by white lower Jurassic carbonates. Middle 
and Upper Jurassic, there are still red terrigenous deposits, this time strongly 
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thickened. The few outcrops of Cretaceous and Tertiary often eroded are 
stored only on the edge of the channel or the center of the syncline.  
 Furthermore, we find the Triassic and Liassic basalts and alkaline 
gabbros of Jurassic and Cretaceous age. These show a thinning of the 
continental crust by distension (HAILWOOD & MITCHEL, 1971). 
 After the absolute dating of basalt flows (BARDON 1978, 
HAILWOOD 1971, and WESTPHAL 1979), there especially pollens, which 
are used to classify stratigraphically red beds. A later work in the red beds of 
the High Atlas, demonstrated the impossibility of dating with palynomorphes 
found (MOHR & SEUFERT 1987). This research conjured only depositional 
environment: a semi-arid to arid deltaic environment with periodic rain. New 
studies show the previously undertaken research on charophyta in Aptian of 
the eastern High Atlas (Feist et al. 1999) and Jurassic-Cretaceous in the limit 
of the Central High Atlas (HADDOUMI et al. 2002 and 2008). 
 
Figure 1 : Situation of the Tighmart copper mine (Extracted from the topographical map at 
1/50 000 of TIFNI). 
 Outcrops are abundant lithology and stratigraphy as well as their have 
been many detailed research. By cons, sedimentary witnesses Triassic and 
the current interval of the final Cretaceous to Recent remain geographically 
restricted. Here, there is still a lack of detailed information. 
 Löwner, (2009), adopted a synthetic form of nomenclature five major 
specific lithostratigraphic units; borrowed from the geological maps of 
existing Atlas area, including:  
• Geological Map of Morocco, Sheet 2 (Rabat) 1: 500.000th 
(CHOUBERT 1957) 
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• The Afourer sheet 1: 100,000th (ROLLEY 1978) 
• Geological Map of Morocco, 1: 1.000.000ième (HOLLARD 1985) 
• The Azilal sheet 1: 100,000th (JENNY 1985) 
• Beni Mellal sheet 1: 100,000th MONBARON 1985) 
• The Demnat sheet 1: 100,000th (The MARREC 1985) 
• The Imilchil khenifra South-sheet 1: 100,000th (Fadile 1987) 
• The Zawyat Ahançal sheet 1: 100,000th (JOSSEN 1990).  
These are the following successive units: 
- The ante-Jurassic (Permian-Triassic) 
- Jurassic carbonates (Hettangien to Bathonian) 
- Red beds (Bathonian to Barremian) 
- The non-basal Cretaceous (Aptian to Turonian) 
- The uppermost Cretaceous and Cenozoic (Senonian to Present). 
 
Structural evolution of the Central High Atlas 
 The High Atlas is a typical intracontinental chain (CHOUBERT & 
FAURE-MURET 1962 MICHARD 1976 Mattauer et al. 1977 Souhel 1996). 
This fact is reflected in particular by the lack of ophiolites of flysch, a strong 
regional metamorphism, and granitoid (Jacobshagen 1986). This area, 
narrow, is generally elongated west-southwest - east-northeast and is the 
southernmost part of the Alpine chain peri-of mediterranean (Souhel 1996). 
The Hercynian substratum is often masked by a Mesozoic or Cenozoic 
discordant coverage. Polyphase compression (Mattauer 1977) has affected 
most of the Mesozoic series and the ante-Mesozoic basement, leading to 
folds, reverse faults and discontinuities from the Cretaceous.The uprising of 
the High Atlas is the result of a structural inversion from the Cretaceous and 
Cenozoic, during which the post-Hercynian folded cover was peeled off and 
the Triassic detrital. Because of these deformations, the High Atlas is 
crisscrossed by broad synclines flat bottom, filled with thick Jurassic and 
Cretaceous series, which are often heavily eroded. However, the anticlines 
are acute, narrow, straightened, abrupt and often overlapping on their 
borders. This is an axis folds network N 80 ° E, which are arranged for the 
greater part in step (Jacobshagen 1986). These anticlines show essentially the 
Lower Lias limestone thick with locally intruded by Jurassic-Cretaceous 
magmatic rocks. 
 The ejective style of the High Atlas (STETS & Wurster 1982, 
Jacobshagen 1988, GIESE & Jacobshagen 1992, PIQUE 1993, Laville 2004) 
is responsible for a characteristic overlapping range north verging on the 
northern and southern border on the southern border. Shortening the authors 
seems to be modest with 10-15% (BREDE et al. 1992) is strong (Brunet et 
al. 2003). The division into sedimentary formations adopted (see Figure 
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I.1.1) can be considered as representative for the northern edge of the Central 
High Atlas and take into account the great cycles terrigène-sailors following: 
• Deposits of Permo-Triassic red beds 1st intercalation terrigenous 
• The carbonate platform liassique 
• Local deposits of red beds Toarcian 2nd intercalation terrigenous 
• The carbonate platform Dogger 
• deposits red beds Dogger and Lower Cretaceous 3rd intercalation 
terrigenous 
• Local carbonate platform of the Aptian 
• The deposits of the Lower Cretaceous red beds 4th intercalation 
terrigenous 
• The carbonate platform of the Cenomanian-Turonian 
• The deposits of the Upper Cretaceous red beds 5th intercalation 
terrigenous 
• The carbonate platform Senonian 
 Although the evolution of the Intermountain chain since the Triassic 
rifting is indisputable, there still uncertainties in detail on copper 
mineralization and the role of the "red coats", until now, still raise 
discussions about the genetic relationships between mineralization and 
sedimentary characteristics litostratigraphiques, paleogeographic and 
structural in the High Atlas in general, and in particular Tighmart. The 
lodging of Tighmart is hosted in Triassic formations Jbel Tafilalt and is part 
of the anticline N'Tighli. The formations encountered are organized into a 
mega-structure means anticlinal axis NE-SW with a dip to the north. They 
are controlled by a fault system oriented NE-SW in the heart of the anticlinal 
ridge, making flush red clays and triassic basalt. 
 
Lithostratigraphic study 
 Due to the small amount of data on the site, in addition to the 
geological map of Morocco in 1: 100 000 Demnat sheet (The MARREC 
1985), we considered the former research (and CHOUBERT FAURE-
MURET, 1962) and latest on the base (Hoepffner et al., 2005) and coverage 
of the High Atlas; including the Triassic (LORENZ 1976 Laville 1991 EL 
Arabi et al. 2006), the Lower Lias carbonate (SEPTFONATINE 1986 
JENNY 1988 Souhel et al. 2000 CHAFIKI et al. 2004, CANEROT et al. 
2002), continental sediments of the Dogger, ie the "continental Jurassic" 
(JENNY 1981 Souhel 1996 ANDREU 2003) and Cretaceous (Souhel 1997 
CHARRIERE 2005 HADDOUMI 2008 ETTACHFINI 2008). 
 In Tighmart sector, lithostratigraphic series includes the base up the 
following formations (Fig. 2): 
 A Devonian rocks: it is flush with the heart of an anticline in 
fault. It is dominated by shales and sandstones in which, 
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interspersed with benches centimeter detrital limestones. 
The Devonian marks the beginning of the Variscan compression 
(Hoepffner et al., 2005) 
  A Mesozoic cover: 
  Trias: it is dominated by detrital sediments, mainly sandstones 
and red clays. In the Triassic appears discontinuous basalt flows. 
  The Jurassic in the study area, the Jurassic is represented mainly 
by carbonate bars Lias, based on consistent gypsiferous 
formations of Lower Lias. 
 
Figure 2: Geology of the region Tighmart Map reduced to a quarter for the sake of 
presentation (From the geological map of Morocco in 1: 100 000 Demnat sheet (LE 
MARREC 1985) 
 
Figure 2: Synthetic log of the study area, Demnat (Le marrec1979). 
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Geological study 
 Tighmart sector is part of the anticlinal structure n'Tighli. In this 
sector the series is generally dipping 45 ° north. In addition, this ductile 
deformation appears brittle deformation evidenced by a mean direction of 
fault network N70 ° N40 ° and N130 °. The structures N70 ° and N40 ° are 
precocious compared to N130 ° structures as are intersecting. 
 Unlike many copper deposits of the High Atlas which are hosted in 
red and white sandstone lenses at the base of Red Layers Lower Cretaceous 
and classified type Red Bed, such as those of Tansrift and Ait Attab (Ibouh 
et al. 2011) ; The copper mineralization is hosted Tighmart mainly in 
Triassic basalts. These basalts are in the form of massive hectometric lenses 
and having a decametric power. Locally, we note the presence of a layered 
structure embodied by centimeter to decimeter levels dolerite. (Fig. 2, Photo 
1-2) 
 The copper mineralization is in the form of a main body, which 
corresponds to a grinding zone (mega fault zone), 1 to 3 m power and more 
than 700 m across. This mineralized structure has a dip of 45 ° to the NW 
(Photo 2). Locally appear centimeter massive levels of iron oxide (Photo) 
reflecting a characteristic banded structure in basalts. 
 
 The copper mineralization occurs as disseminated and veneer in 
basalts (photo 4 & 5). Most often, it is the filler late fractures. It has a 
mineralogy dominated by carbonates and copper sulphides (malachite, 
azurite and chalcopyrite) associated with iron oxides and hydroxides 
(hematite, goethite) (photo 4 & 5). Secondary alterations of structures are 
very characteristic with a predominance of concretions and nodular 
structures.  
 The copper mineralization is mainly controlled by the operation of 
the mega structure of average orientation flaw N70 ° with a dip of 50 ° to the 
north (Photo. 1 & 5). This mineralization is concentrated locally in metric 
nodes, formed by the junction of the N70 ° faults and N40 °. This is much 
crushed zones decametric extension and where there is a large concentration 
of chalcocite associated with malachite and azurite rarely. 
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 In addition to the structural control of the mineralization, there is a 
local lithological control of the latter. Indeed, this mineralized horizon 
appears located on top of a basalt flow materialized by a very fine sediment 
levels and rich in iron oxides (photo5). This sediment level cashes much of 
mineralization characterized by the abundance of oxides and hydroxides of 
copper. Most often appear mineralized fragments (centimeter and 
decametric) of this sedimentary facies packed in basaltic flows (photo 6). 
 
 
Photos 5,6 : macroscopic view of chalcosine, malachite, azurite in basalt observed within  the gallery 
 
 The rheological difference between sedimentary and basaltic level, 
favorised the of this fault zone, having replayed and remobilising primary 
metalliferous stock, giving rise to current copper mineralization. 
 
Geophysical study 
 Electrical tomography was used in order to characterize the geology 
and structural elements that can promote the development of copper and of 
course to determine the structures of mineralization in place, as well as 
mineralization density. Tomography profiles were positioned perpendicular 
to the main direction of the mineralized structures with clues surface. To 
determine the geometry and measurement device configuration to adopt, we 
started with a geological field reconnaissance particularly in order to have an 
idea about the thickness of the training involved. These investigations have 
led us to opt for a small electrode spacing (5m) with the aim to have 
European Scientific Journal March 2017 edition vol.13, No.9 ISSN: 1857 – 7881 (Print) e - ISSN 1857- 7431 
274 
sufficient lateral resolution on the one hand and on the other to choose the 
pole-pole configuration that allows to gain in depth investigation through the 
electrode placement to infinity (Fig. 4). 
 
Figure 5: Schematic of the implementation of a survey of electrical tomography Pole-Pole 
configuration 
 
 The measurements were performed using a resistivimeter designed by 
Iris Instruments, according to a grid having 5 EW profiles and 9 NS profiles 
(Fig. 2). EW lines that are perpendicular to the stratification is to determine 
the depth continuity of the mineralized discontinuities that visibly show a 
slight dip to the east. By cons, NS bedding parallel lines have been planned 
with the aim to highlight any resistant mineralization. 
In general, the study area was divided into two sectors for better 
investigation: 
 The sub sector I: including the southern part and southeast 
  The sub sector II with the northern part and Northwest.  
 A total of 14 panels resistivity were carried out on the whole area. 
These measurements were performed to meet two objectives: 
- Cover a systematic way the previously selected area 
- Report on the importance of existing mineralization in the surveyed 
area. In this aspect, it is important to note that no measures 
equidistance between the stations and the orientation of the profiles 
was revised as the work progresses. This will maximize the 
information and make effective every step. The map in Figure 6 
shows the location of all profiles made in Tighmart site: 
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Figure 6: Site Map geophysical profiles 
 
Results 
 Results geophysics are shown in figures (7 to 14) in the form of 
pseudo-sections of apparent resistivity and resistivity models of the actual 
basement obtained by inversion of the data. A first review of the overall 
results revealed the existence of significant variations in the electrical 
resistivity of the subsurface reflecting the heterogeneity it. The interpretation 
of such changes requires knowledge of the geology of the study site. 
Schematically, the area covered by the geophysical survey is formed by: 
 - Triassic: it is dominated by detrital sediments, mainly sandstone and 
red clay. In the Triassic appears discontinuous basalt flows. 
 - Jurassic: in the study area, the Jurassic is represented mainly by 
carbonate bars Lias, based on consistent gypsiferous formations of Lower 
Lias 
 - The Devonian: it is flush with the heart of the anticline with faulted 
formations of Lias. It is dominated by shales, sandstones in which 
interspersed centimeter beds of limestone. 
 Correlations between different profiles were performed and the 
results of the geophysical investigation were confronted with the data of the 
local geology. Abnormalities attributed to the mineralization appear 
discontinuously and highly localized. This confirms that the genesis of ore 
bodies was carried out thanks to tectonic discontinuities. The faults detected 
on profiles and verified in the field have also replayed later to deform the 
mineralized structures in place. Two areas have been identified on both sides 
of the old gallery: 
 - The southern part crossed by the thalweg shows resistance levels 
attributed to the dolerite crossed by levels of oxides and hydroxides of iron 
and aluminum at depths of between 8 and 13 meters.  
 Profiles 1, 3 and 7 show no continuity with mineralization observed 
in the old gallery, which explains that this mineralization exists only as 
disseminated and veneer in dolerite. Most often, it is the filler late fractures. 
It has a mineralogy dominated by the oxides and hydroxides of copper 
(malachite, azurite and chalcopyrite). The copper mineralization is associated 
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with iron oxides and hydroxides, which are represented by hematite and 
goethite. This part of the sector does not really present significant reserves 
given that no continuity was confirmed. 
 - The northern part of a very rugged topography presents no surface 
mineralization index. However, electrical tomography profiles in this sector 
show large anomalous beaches right pockets found in the gallery. The 
examination of the values of apparent resistivity advocates appearing 
mineralization from 23 meters deep. We recommend making the point 
shown on the diagram of a recognition survey block to confirm the results of 
the geophysical. 
 
 
Figure 7: Electrical tomography survey: Line 0S 
 
 
 
Figure 8: Electrical tomography survey: Line 30S 
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Figure 9: Electrical tomography survey: Line 70S 
 
 
 
Figure 10: Electrical tomography survey: Line 150S 
 
 
Figure 11: Electrical tomography survey: Line NS (South) and NS (North) 
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Figure 12: Electrical tomography survey: Line NS (North) 
 
 
Figure 13: Electrical tomography survey: Line NS (South) 
 
Figure 14: Electrical tomography survey: Line 70S Bis 
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Figure 15: Block diagram obtained from the sector 2 profiles 
 
 The block diagram obtained from the resistivity panels made in sector 
2 of the site showed the presence of two different anomalous ranges: 
 - A strong range materialized by strong values of apparent resistivity 
values (over 400 ohm.m) particularly in the northern section. This anomaly 
was spotted to the right of mineralization observed in the old gallery. 
Therefore, we believe that the copper mineralization is continuous in the 
northern part of at least 15 meters from the old gallery. This result needs to 
be confirmed by a reconnaissance survey. 
 - A conductive pad in the center of Sections 13 and 14, and also 
extending the profile 12, the values of the observed resistivity show the 
presence of marl intrusions, locally observed in the sub-sector 2. 
 
 
Method of operation 
 In general, for the exploitation of thin veins, several methods are used 
in functions of a number of technical and economic criteria. 
- The wall rocks consist of less altered basalts 
- The dip of the mineralization is of the order of 45 ° to the north 
- The Power of the mineralization varies from 0.5 to 2.5m 
- The extension of the mineralized zone is very important 
- The concentration of the mineralization is variable 
 Therefore, a well-suited method generates the vicinity of mining 
operations low stress concentrations. It leads to an optimal air circulation and 
uses the best natural forces, especially gravity, while ensuring a reduced 
maintenance costs. It also seeks to minimize the impact of mining operations 
on the operating environment (landslides, mine water etc.) 
 Take into account the above data, we recommend first time scraping 
and open pit excavation work will relishes to retrieve it easily accessible ore. 
In parallel, the use of inclined wells and hillside galleries, allowed inclined to 
follow the deposit to the wall, thus reducing the importance of crosscuts 
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.These wells will be spaced 50 meters along the dip and serve for the service 
of each panel forming the main levels. The latter are themselves divided into 
sub-levels of 20 meters and communicate with each other through ventilation 
chimneys. 
 
Discussion 
 The collision of Gondwana with Laurentia craton Baltic and several 
other microcontinents led to the creation of the supercontinent Pangaea, 
surrounded by the Pacific Ocean (Panthalassan) and during the late 
Paleozoic. This development was followed by a new round of Wilson. This 
is his dislocation Triassic upper with extensive episodes, creating ponds 
within a intracontinental rift at the northwest boundary of the African plate. 
These basins evolve later rifting mode to the drifting mode with relative 
motion of Africa to the east, followed by tectonic inversion, filling pools and 
finally lifting the entire Atlas region. 
 This general situation gives the development of the Atlas 
intracontinental chain. Relations between tectonic deformation and post-rift 
and syn sedimentation have been a recurring theme and in regional research 
both in terms of lithology, stratigraphy, petrography, tectonics, and even 
regional mapping (DU DRESNAY 1975; COUSMINER & MANSPEIZER, 
1976; 1984; BEAUCHAMP, 1988, 1996; MANSPEIZER, 1978; Lorenz, 
1988; Souhel 1989, 2000; PIQUE, 1998; HAFID, 2000; CANEROT, 2002; 
HADDOUMI, 2002; Laville, 2002 Ellouz, 2003; Brunet, 2003; 
ARBOLAYA, 2003; CHARRIERE, 2009). 
 In all previous research, it seems clear that the evolution of the Atlas 
system is run by three separate major tectonic events. This is first of two 
extensive processes: first, the opening of the Tethys Ocean, from the Upper 
Triassic and the formation of its southern margin, with structural orientation 
generally east-west. Second, the early rifting of the central Atlantic from the 
Triassic (. HUON et al 1993), with a north-east - south-west tectonic 
structures (Laville & PIQUE, 1991; CHARRIERE, 1996; et al FISH, 1998). 
 These two directions, east and west of the Tethys and northeast - 
southwest of the Atlantic have played a vital role and reflect the structure of 
the Upper and Middle Moroccan Atlas. It is striking that management 
Tethyan is that of the Middle Atlas, while the High Atlas is moving, he, 
according to Atlantic direction. A third main event marks the convergence of 
the African and Iberian plates, initiating the tectonic inversion of the Atlas 
intracontinental basins. This is the beginning of the Alpine orogeny from the 
Upper Cretaceous, with the first compressive structures in Algeria 
(BOUDJEMA, 1987). 
 In the Atlas region of Morocco, the latter event left shows the two 
large inverted basins, the Atlas system (High Atlas, Middle Atlas) and 
European Scientific Journal March 2017 edition vol.13, No.9 ISSN: 1857 – 7881 (Print) e - ISSN 1857- 7431 
281 
existing pools. However, the Atlas system has filled syn- and post-rift basins, 
Triassic to Tertiary, which is subsequently reversed. Their geographical 
position more or less corresponds to the current situation of Upper and 
Middle Atlas (Souhel 1997; Ellouz, 2003). 
 The Mesozoic cover gradually deposited during the sequence of 
events and extensive compression that mark the Mesozoic and Cenozoic 
history of Morocco (Laville et al., 2004). Different areas of the Atlas are 
mainly controlled by the inherited flaws in the Variscan orogeny (Piqué et 
al., 2002). Three major phases can beings differentiated in the formations of 
the Atlas Mountains: 
 (i) A phase of rifting (220-195 Ma), this phase is associated with the 
separation of Africa and North America leading to the North Atlantic 
opening. This stage is marked by the development of many half-grabens in 
the rift of the Atlas, gradually filled with coarse-grained clastic sediments 
and by siltstones and evaporite levels (Laville et al., 2004). This phase is also 
accompanied by a significant tholeiitic basaltic magmatism and whose main 
phase is dated at 199 Ma (Knight et al., 2004; Verati et al. 2007). These 
formations belong to the magmatic province of Central Atlantic (CAMP: 
Central Atlantic Magmatic Province). Mineralization Timghart would likely 
related to this phase, at least for the initial stock, syngenetic.  
 (ii) A phase of expansion Toarcian (~180 Ma) associated with the 
decoupling of the African plate with Europe plate, a consequence of the 
opening of Tethyan oceanic domain. It corresponds to the fragmentation of 
the carbonate platform associated with a transtensive regime and the 
establishment of the Middle Jurassic intrusions (Piqué et al., 2002). 
Refocusing and late epigenetic remobilization of copper mineral stock 
Tighmart. 
 (iii) A Meso-Cenozoic compressive phase. This phase begins from 
the Santonian (~ 85 Ma) by the reactivation of the rift structures and resulted 
in the Cenozoic uplift of the whole of the Atlas Mountains. This compression 
is the result of the convergence between the African plate and the European 
plate began at the end of the Mesozoic Piqué et al. (2002). A second phase of 
reconcentration has probably affected the mineralization. 
 
Conclusion   
 In order to improve the quantity and quality of these resources, we 
suggest achieving this deposit additional work (delimitation, specific studies 
of this deposit, the impact on the environment, etc.). Therefore, a program of 
work farms and recognitions will be executed in the next period of 
transformation of the permit. The work planned for this year is as follows: 
 topographical studies 
 Additional egological Studies 
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 Mineralogical and geochemical studies 
 Analysis and valuation tests 
 Prevention and environmental protection measures 
 Mining work topographical 
 Work aims to accurately position the showings and allow access track 
(tracks, track, gallery, survey implementation, shaping and travels well). This 
study should enable evaluation indices, the orientation of mining operations 
and the calculation of reserves in place. The program for the period of 
transformation of the operating license; focuses primarily on increasing 
geological knowledge of the different indices and detail their metallogenic 
memberships and define local and regional metallotects. This study includes 
part of the exploration ecological surface and deep stratigraphic analysis, 
geochemical, structural and petrographic.  
 The objective set for this study is fixed to determine the mineral 
associations (nature, paragenesis and texture). In addition, it will analyze for 
Cu, Au and Ag exploited structures and structures in exploration phases. 
 This work began with scratching and tracing trenches throughout the 
mineralized vein and then by sinking wells in reconnaissance lowers levels. 
This work shows that the copper index Tighmart is continuous eastward 
surface and at depth. This is much crushed zone MF extension (hundreds of 
meters) or there is a significant concentration of chalcocite associated with 
malachite and azurite rarely. Mining operations and research provided for in 
this program target depth recognition of the ore body and also contribute to 
the preparation and cutting the deposit to highlight a mining potential may 
constitute a basis for the start of work operating. They concern: 
- Conducting a summary geological study of the index of Tighmart; 
- A topographic survey; 
 The execution of reconnaissance work by trenches and galleries all 
potential outcrops and operating locations, and subsequently to the collection 
of samples for chemical analysis; 
- The opening of clays in east-west direction knife-edge and at the same 
level resumes shaft sinking and ventilation chimneys; 
- The completion of the preparatory work (access tracks personnel and 
equipment for the disposal of slaughtered products. 
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